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27 March 1985

VOLUME IV - PRESENTATIONS FROM SESSIONS 9 THROUGH 11

Due to the large quantity of information contained in the eleven sessions

of the Rendezvous and Proximity Operations Workshop, the presentation material

has been assembled into three volumes for the Proceedings. These three

volumes (Volumes II - IV) are in addition to the Executive Summary (Volume I),

which was published and distributed on 27 February 1985.

e Volume'I - EXECUTIVE SUMMARY, 27 February 1985

| Volume II - PRESENTATIONS FROM SESSIONS 1 THROUGH 5A

| VOLUME III- PRESENTATIONS FROM SESSIONS 5B THROUGH 8

| VOLUME IV - PRESENTATIONS FROM SESSION 9 THROUGH 11

An itemized list of the presentations and authors precedes each of the

Sessions in this volume.
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27 MARCH 1985

SESSION9- CONTROLS

9-I, "CONTROL TECHNOLOGY RELATED TO RENDEZVOUS AND PROXIMITY

OPERATIONS (AN OVERVIEW)" - R, 0GLEVIE AND W, SCHLEICH/

ROCKWELL INTERNATIONAL

9-2,

9-3,

"RCS ARCHITECTURAL ISSUES FOR SPACE VEHICLE RENDEZVOUS

AND PROXIMITY OPERATIONS" - E, BERGMANN, S, CROOPNICK,

AND K, DALY/CSDL

"RETRIEVAL OF TUMBLING SATELLITES" - A, RAY/MMC (PRESEN-

TATION WAS NARRATION OF SLIDES, WHICH WERE NOT AMENABLE

TO HARD COPY REPRODUCTION)

9-4,

9-5,

9-6,

"THRUSTER-AssISTED TETHERS FOR RENDEZVOUS AND PROXIMITY

OPERATIONS" - R, LASKIN/JPL

"CONTROLLABILITY ISSUES FOR REMOTELY-PILOTED VEHICLES" -

R, DABNEY/NASA MSFC

"SIMULATION OF THE LAST METERS OF APPROACH AND DOCKING" -

B, CLAUDINON/MATRA

PRECEDING PAGE. BLANK NOT FIL!4ED
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27 MARCH 1985

SESSION 10 -OPTICAL SENSORS

I0-I, "SMART SENSORS FOR RENDEZVOUS AND PROXIMITY OPERATIONS" "

ROGER BRECKENRIDGE/NASA LARC

I0-2.

I0-3,

I0-4,

I0-5,

I0-6,

10-7.

"OPTICAL SHUTTLE SENSORS AND TELEVISION PROXIMITY SYSTEM

OVERVIEW" - 0LI N GRAHAM/NASA JSC

"INTENSIFIED CCD CAMERAS FOR LOW LIGHT LEVEL APPLICA-

TIONS" - KENNETH HOAGLAND/FAIRCHILD WESTON SYSTEMS

"ADVANCED VISIBLE AND INFRARED IMAGE SENSORS" - WALTER

KOSONOCKY/RCA LABORATORIES

INTEGRATED SENSING/PROCESSING FOR AUTONOMOUS OPERATIONS"

- D, JOBSON/LARC

"ADVANCED SEMICONDUCTOR/SOLID-STATE LASER SOURCES FOR

RANGING AND ILLUMINATION" - DONALD CARLIN/RCA

LABORATORIES

"SHAPES LASER RANGEFINDER AND NEW CONCEPTS FOR A

RENDEZVOUS AND PROXIMITY OPERATIONS SENBSOR" - E, TUBBS,

McLAUCHLAN, AND N NERHE_M/JPL'JI i .
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FOR LOW LIGHT LEVEL APPLICATIONS
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INTENSIFIED CCD CAMERAS FOR LOW LIGHT LEVEL APPLICATIONS

K.A. HOAGLAND

Fairchild Weston Systems, Inc.

Image intensifiers originally developed for night vision

equipment can be combined with CCD and other solid state

image detectors to modify and extend the performance range

of optical sensor systems designed for space applications°

Features and characteristics of intensified CCD cameras based

on second generation (GENII) microchannel plate intensifiers

are described, including a discussion of performance observa-

tions with prototype low-light level TV cameras. Other

topics include the use of image intensifiers as electronic

shutters, and the feasibility for operation in selected spec-

tral regions ranging from X-ray to the near IRo The presen-

tation concludes with a discussion of a recommended dual-

channel system concept using an optical beam-splitter or

path-switcher for simultaneous or independent operation of

intensified and non-intensified image detector channels.



-INTENSIFIED CCD CAMERAS
FOR LOW LIGHT LEVEL APPLICATIONS

IMAGE INTENSIFIER PRINCIPLES

GEN I, II AND III DEVICES

FIBER OPTIC COUPLING

HIGH VOLTAGE POWER SUPPLIES/PULSE GATED OPERATION

LOW LIGHT LEVEL PERFORMANCE TRADE-OFFS

DAY/NIGHT CAMERA CONCEPT



Although Image Intensifiers were originally developed

for use in direct-view night vision equipment, these devices,

with relatively simple modifications, can be used to extend

the useful illumination range of CCD and other solid state

imager (SSI) systems by several decades.

Features and operating principles for the direct-view

application also apply for Intensifier SSI systems, with the

exception of the requirement for inversion of the intensifier

output image.
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IMAGE INTENSIFIER PRINCIPLES

OBJECTIVE LENS PROVIDES INVERTED SCENE IMAGE TO
PHOTOCATHODE (PC)

PHOTON TO ELECTRON CONVERSION AT PHOTOCATHODE IN
VACUUM SPACE

AMPLIFICATION BY ELECTRON ENERGY INCREASE OR ELECTRON
MULTI PLICATION

IMAGE INVERSION -- OPTICAL, ELECTRO-OPTICAL, OR FIBER OPTIC
TWISTER

PHOSPHOR OUTPUT SCREEN FOR ELECTRON TO PHOTON
CONVERSION
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First generation (GEN I) image intensifiers achieve light

amplification by a photon-electron-photon conversion process

supplemented by acceleration-induced electron energy gain.

Luminous gains of i00 are typical with tungsten light input and

15 KV acceleration. The electrostatic focus lens, (which causes

image inversion), is fixed in strength by electrode dimensions

and spacings. Focus is independent of applied voltage for

relatively large supply voltage variations.

Resolution for GEN I tubes is high, typically exceeding

60 ip/mm at the center. The curved fiber optics provide off-axis

focus and pattern-distortion correction.

5
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Second generation (GENII) intensifiers use electron

multiplication to increase current flow to the output screen.

Individual electron multiplier channels are created by

etching-out the core glass from a thin wafer made from material

similar to a fiber optic faceplate. After processing, the

microchannel plate (MCP) wafer provides high current gain

(typically 103/1 to 104/1) with potentials of less than 900

volts applied to the surface electrodes.

Luminous gains can be > 30,000 for the Inverter-MCP

design, with a limiting resolution near 30 ip/mm. The

proximity-focused Wafer-MCP type typically exhibits lower

gain (10,000 to 20,000 max.), with 25 to 30 ip/mm resolution°

Wafer-MCP devices are preferred however, for applications

requiring small size, low pattern distortion or electronic

shuttering.
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A sensor assembly consisting of an 18mm wafer MCP

tube, coupled by unity magnification fiber optics to a

CCD array can be used for constructing a relatively simple

and compact low light level camera.

The tube and power supply components are identical

to components produced for direct-view night vision applica-

tions with the exception of the fiber optic backplate, which

is modified to interface with the CCD fiber optics.

9
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Fiber-optic CCD Module Assemblies have been constructed

with thermoelectric devices in sealed enclosures to provide

CCD temperature control. The viewgraph illustrates an assembly

with a single-stage cooler and a 25/18 fiber optic minifier.

Similiar assemblies have been successfully tested in space

experiments. Five assemblies, each containing a three stage TE

cooler, a 190x244 element CCD and a 1.3/1 fiber optic minifier,

were used with GENII Image Intensifiers for spectroscopic

imaging of the thermosphere from the Space Shuttle.

11
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Image Intensifier/CCD Sensor Modules have been developed

for aerospace applications requiring exposure to relatively

severe shock, acceleration and thermal environments. The view-

graph illustrates components of a sensor package designed for

such applications.

In this case the intensifier is equipped with flexible

leads for connection to a remote high voltage supply which

operates the tube in an electronic shuttering or "gated" mode.

13
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The spacing between channels of the MCP structure, and

proximity-focusing effects, are the principal factors limiting

useful MTF to spatial frequencies less than 30 ip/mm. For the

combined Intensifier and CCD the MTF values of the combination

are typically close to the values observed for the Intensifier

alone.

Photocathode responsivity for the $20 surface peaks in

the visib_spectrum, with useful response extending from the

near UV to near IR regions. UV response can be extended to

below 200 nm with photocathodes deposited on a fused silica

faceplate.

15
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Although camera systems can be devised to operate with a

single Intensifier/SSI Sensor over the entire natural illumina-

tion range (starlight to full sun} system performance can be

improved with separate sensors for high and low light level

operation.

The image intensifier (as with most components added in

the optical path} will reduce image contrast and system MTF.

Also, the ALC subsystem will be required to provide light

attenuation factors >10 -8 to avoid illumination overload. These

and other considerations favor the concept of separate image

sensor channels for cameras designed to operate over the star-

light-to-sunlight illumination range.

17



INTENSlFIERISSI APPLICATION CONSIDERATIONS

ADVANTAGES

HIGH ILLUMINATION SENSITIVITY

-- SYSTEM RESOLUTION AT LOW LIGHT LEVEL APPROACHES NOISE-IN-SIGNAL
LIMIT

HIGH IN-SCENE AND INTRA-SCENE DYNAMIC RANGE
MCP SATURATES WITH LOCAL OVERLOADS

-- ALCIAGC RANGE CAN EXCEED 10811

• EXCELLENT ELECTRONIC SHUI"rER CHARACTERISTICS

DISADVANTAGES

MTF/RESOLUTION LOSS

INTENSIFIER MUST BE PROTECTED FROM ILLUMINATION OVERLOADS

HIGH-VOLTAGE POWER SUPPLIES NEEDED
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The small size, weight, and power requirements typical

for solid state imagers and GENII image intensifiers enable

a variety of design approaches for dual-channel cameras. The

block diagram illustrates an automatic mechanical changeover

of day and night sensor channels.

Other candidate dual channel techniques include systems

based on beam-splitter prisms and optical channel switches

using movable prisms or mirror surfaces.

19
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The viewgraph illustrates details of a prototype Day/

Night Solid State Camera using an Intensifier/SSI night

channel sensor. The Intensifier in this case consists of

cascaded GENII and GEN I stages providing luminous gain in

excess of 105 .

The intensified and non-intensified SSI channels are

mounted on a common platform arranged to enable indexing

of either sensor channel to the output image location of

the zoom optics.

21
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FIGURE 1

A typical, gain-guided AIGaAs double-heterojunction diode

laser is shown. The current distribution, and therefore the

gain region, in this type of device is determined by a stripe

etched through a SiO 2 insulating layer, upon which a broad area

metallic contact is deposited. Of particular importance is the

optical output radiation pattern emerging from the emitting

facet. This is a diverging beam of elliptical cross-section.

Typically, the extent of the beam in the transverse direction

(perpendicular to the heterojunction plane) is two to five times

that of the lateral direction (parallel to the junction plane).
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FIGURE 2

RC_ is developing high-power diode lasers for use in optical

communications and recording systems. Any astigmatism in the

diode laser will manifest itself in either the collimated beam

in free-space communications systems or in the focal region of

optical recorders. In gain-guided devices, the optical mode in

the lateral direction is determined by the injection current

distribution, and therefore changes with drive current. An

optical waveg_ide, fo_,ed by AlxG_l_x _s ia_rs, strongly con-

fines the optical mode in the transverse direction. In this

direction, the mode will always have an apparent source at a

constant distance within the laser. In the lateral direction,

the apparent source moves depending on drive current, and

creates a varying astigmatism of _20 Nm. Fixed-value optics

can collimate such a beam in only one direction, as shown in

the figure.
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FIGURE 3

Index-guided devices, such as the buried heterojunction

(BH), channeled-substrate-planar (CSP), or constricted-double-

heterojunction large-optical-cavity (CDH-LOC) have optical modes

which are strongly confined in both the lateral and transverse

directions by refractive index variations and have negligible

astigmatism. The output beam can therefore be collimated in

both directions.
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FIGURE 4

Facet degradation is a primary limitation on the output

power attainable from a diode laser. Increased spot area allows

reduced photon flux, and therefore reduced probability for facet

damage. Two methods of increasing the dimension of the spot in

the transverse direction are shown. On the left is a thin-active

(TA) double-heterojunction, typified by CDH and CSP structures.

Solution of the wave equation in this type of waveguide shows an

inverse relationship between effective spot size and active layer

thickness. A large-optical-cavity structure, typified by the

CDH-LOC, is shown on the right. The effective spot width is

primarily determined by the thickness (D) of the LOC layer. The

maximum transverse spot sizes achieved in LOC structures exceeds

those in TA lasers, thus the former can, in principal, be made

more powerful than the latter.
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FIGURE 5

A schematic drawing of a current-confined CDH_LOC diode

laser is shown. This structure is grown over the mesa between

two dovetail-shaped channels etched in a GaAs substrate and has

typical layer Compositions as shown. The optical spot size at

the facet is typically 5 5 x 1.7 _m full-width at I/e 2 of the

peak intensity. This device is an improvement over the standard

CDH-LOC in that the current distribution is more tightly

confined by diffusion of zinc through the cap layer, increasing

the electrical-to-optical power conversion efficiency.
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FIGURE 6

A current-confined CDH-LOC laser achieved 165 mW output

from one emitting facet, with an exceptionally high power con-

version efficiency which approaches 35_.
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FIGURE 7

This CDH'LOC device achieved 40 mW cw in a single spectral

and spatial mode, and 60 mW cw in a single spatial mode.
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FIGURE 8

A potential method for increasing the output power of diode

lasers is the reduction of facet damage induced by photon absorp-

tion. The lasing light is absorbed by surface states in the

regions near the facets, which lie within the bandgap of the

material. This absorption causes heating and eventual catastro-

phic facet damage due to melting. Such absorption can be

eliminated by growing higher bandgap material near the facets,

so that the iasing photons do not have sufficient energy to

populate the surface states.
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FIGURE 9

Shown is a non-absorbing-mirror (NAM) structure applied to

a CDH-LOC device. The 20 to 30_ A1 concentration of the AIGaAs

material in the facet regions has a sufficiently higher bandgap

than exists in the AI.05Ga.95As active region so that the

surface states cannot be populated and the lasing light will not

be absorbed.

/0-I 3



!

!

od

_W

m

o

d
i

!

o

/ \

/

ell

q 0

i

--IL,I

Q

I,_ t.
0 0

0 t-G

\



FIGURE I0

O

The optical power output-versus-drive current character-

istics of a prototype NAM-CDH-LOC is plotted, as is that of the

most powerful CDH-LOC devised without a NAM region. A four-fold

increase in output power was observed.
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FIGURE Ii

This figure shows the structures of both the CDH-LOC and

CSP (channeled-substrate-planar) devices. Although the spot

size at the facet of the CDH-LOC is larger than that of the CSP,

both achieve comparable output powers in production.
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FIGURE 12

Shown are far-field patterns of RcA-developed CSP and

CDH-LOC lasers. The CDH-LOC far-field, while narrower than that

of the CSP, is often characterized by side-lobes and non-

uniformities generated by the leaky antiguiding nature of the

device. The patterns often shift direction slightly because the

lateral index-guide is relatively weak. The CSP far-fields show

less of these characteristics due to the strong absorption of the

laser light outside the channel region of the structure.
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FIGURE 13

Results are shown for a CSP laser recently grown at RCA

Laboratories. The device achieved 190 mW cw total output and

150 mW cw in a single spatial mode.
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FIGURE 14

Power-versus-current, spectra and far-field intensity profiles

are shown at four cw power levels from 50 mw to 150 mw for this

csP device. The spectra show a single spectral mode to almost

90 mW cw and a single, fundamental spatial mode to 150 mW cw.
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FIGURE 15

Life test data are shown for seven CSP diodes operating at

20 mW cw and 30°C. Constant output power is made by current

variation. None of the diodes have shown an appreciable

increase in drive current after 3,000 hours of continuous

operation.
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FIGURE 16

A comparison of the power-versus-current characteristics of

the most powerful AIGaAs diode lasers published to date are

shown in this figure. The company which developed each device,

along with the name and device type, are indicated.
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FIGURE 17

This figure shows the near-field amplitudes and correspond-

ing far-field intensity profiles from phase locked arrays of

closely coupled diode lasers. The upper figures depict the

desired situation, i.e., the electric fields in each laser are

in-phase and result in a single-lobed output radiation pattern.

The lower two figures show the energetically favored situation,

in which the fields in adjacent lasers are out-of-phase,

yielding a twin-lobed far-field pattern which is far less useful

for most applications. This second case is energetically

preferred because the field can go through a null in the

absorbing regions between the lasers.
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FIGURE 18

This figure shows a cross-section microphotograph, a

schematic drawing and a 5 ° angle lap microphotograph of a nine-

element CSP-LOC phase-locked array fabricated at RCA

Laboratories. The inclusion of the LOC layer enhances the

leakage of the optical modes in a laser to adjacent waveguides.

The CSP structure is suited £o phase-locked array applications

because the channel over which it is grown is relatively

narrow. CDH structures are grown over twin dovetail channels,

typically 32 _m apart, which is too great a distance to effect

significant coupling.
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FIGURE 19

Shown are a microphotograph and densitometer trace of the

near-field intensity profiles from a nine-element CSP-LOC phase-

locked array having 5 pm inter-element separation. The intensi-

ties achieved by each element are quite uniform.
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FIGURE 20

.e

The best far-field patterns achieved thus far from CSP-LOC

arrays at RCA Laboratories are shown under both cw and low-duty-

cycle pulse operation. One such array achieved 80 mW cw and and

200 mW at 0.1_duty-cycle in a single-lobed beam. Another array

achieved 75 mW cw and 400 mW pulse, but in a twin-lobed output

pattern. Unfortunately, the latter are far more prevalent.

Recent computer models, however, have shown how this basic

structure can be designed to enhance the probability of single-

lobed output°
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FIGURE 21

The spectral output of such CSP-LOC arrays have shown

single-line operation. There is a frequency shift with power,

but this appears to be a smooth transition. No evidence of mode-

hopping, a source of noise in optical communications systems,

has been observed.
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